itemized the differences (Pazdrowa, 1969, pp. 51-52) . It is particularly important to note that she separated G. bathoniana from Globigerina oxfordiana Grigelis (1958) on the basis of spire height, commenting that the two species were 'very similar in the shape and position of the aperture and lip, and arrangement of chambers'. At that time, of course, Pazdrowa did not have the later publications of Grigelis (1985) , Grigelis & Gorbachik (1980) or the emendations of Bignot & Guyader (1971) and Bignot & Janin (1984) as a guide to her interpretation of the new species.
In the slides (dG-2, dG-5, dG-6, etc.) are a range of specimens that match the illustrations (Pazdrowa, 1969 , figs 1-9) very well. While the majority of forms are pointed and high-spired, some (dG-3, dG-15) have a lower spire (Pl. 1, fig. 3a-d) . The high-spired specimen (dG-11) has a very distinctive loop-shaped aperture (Pazdrowa, 1969, fig. 7 ) extending almost halfway up the face of the final chamber (Pl. 1, fig. 4c, d) . dG-17 also shows a loop-shaped aperture although, in this case, it appears rather tilted to one side in the final chamber.
Other slides (un-numbered) contain a range of high-spired and low-spired forms. One radially segmented slide contains an assemblage with a full range of spire height, all of the specimens having 'arch'-shaped apertures. Only one or two specimens have distinct apertural lips. In summary, therefore, Globigerina bathoniana, as originally defined, is a species characterized by:
• • approximately 12 chambers arranged in 2.5 to 3 whorls of (almost invariably) 4 chambers; • • an 'arch'-shaped aperture with a developed to less-developed apertural lip;
• • some evidence of the presence of a bulla-like structure (usually broken off completely); and • • a high to very high spire, which -in many specimens -is very pointed (with a small proloculus).
In the assemblage there are forms that have a low trochospire and some (quite rare) specimens that possess a loop-shaped aperture (Pl. 1, fig. 4c, d) . All these morphological variations were illustrated by Pazdrowa and this has been confirmed by this investigation. Forms typical of Pazdrowa's assemblage are illustrated in Plates 1 and 2. Following the re-classification of Simmons et al. (1997) the majority of Pazdrowa's specimens would clearly fall within the definition of Conoglobigerina while a few of the specimens in her collection could fall into Globuligerina (with a loop-shaped aperture). Conoglobigerina (sensu Simmons et al., 1997, p. 20 ) is defined as a genus of the Family Conoglobigerinidae 'with an intraumbilical aperture, which is an interiomarginal low arch'. This family is defined by Simmons et al. (1997, p. 20) as being separated from other members of the Superfamily Favusellacea by the lack of a 'favose surface structure of fused pseudomuricae forming an anastomosing reticulation': a feature that characterizes the genus Favusella. Globuligerina, however, is defined as 'Conoglobigerinidae with an intraumbilical aperture which is loop-shaped with a distinct lip'. This follows the definition, emendations and illustrations of Bignot & Guyader (1971) . Simmons et al. (1997) clearly illustrate some forms of Globuligerina bathoniana with a loop-shaped aperture, including a metatype (Simmons et al., 1997, pl. 2.8, fig. 9 ) and a topotype (50.464646°n, 19.518619°E) , sampled outcrops of the Ogrodzieniec Glauconitic Marl Formation (2, 3) and the abandoned quarries (1) in the Bathonian clays from which Pazdrowa (1969) collected the material used in the original definition of Globigerina bathoniana and which have been re-sampled in June 2011. These former clay pits are now badly degraded and, without intervention, it will soon be impossible to collect a measured section through this part of the Bathonian succession at this locality. It should be noted that locality (2) was the temporary exposure of the Callovian/Oxfordian boundary succession prepared for the International Symposium on the Jurassic System (ISJS) in September 2006 (Wierzbowski et al., 2006, pp. 144-148, fig. B1 .8). locality (3) was found in June 2011 and is a very small roadside exposure of the Ogrodzieniec Glauconitic Marl Formation that contains abundant belemnites and ammonites. explanation of Plate 1. Type specimens of 'Globigerina bathoniana ' Pazdrowa, 1969, coll . A-II-117/1.1-1.17, Muzeum Geologiczne ING PAN, Kraków. fig. 1 . Holotype of 'Globigerina bathoniana', specimen dG-1 from the Middle Bathonian (Morrisi Chronozone) of Ogrodzieniec, Poland: 1a, spiral side (see Pazdrowa, 1969, fig. 1a ); 1b, umbilical side (see Pazdrowa, 1969, fig. 1b ); 1c, axial apertural view (see Pazdrowa, 1969, fig. 1c ); 1d, axial abapertural view. fig. 2 . 'G. bathoniana', paratype dG-2: 2a, spiral side (see Pazdrowa, 1969, fig. 2a ); 2b, umbilical side (see Pazdrowa, 1969, fig. 2b ); 2c, axial apertural view (see Pazdrowa, 1969, fig. 2c ); 2d, axial abapertural view. fig. 3 . 'G. bathoniana', paratype dG-3: 3a, spiral side (see Pazdrowa, 1969, fig. 3a ); 3b, umbilical side (see Pazdrowa, 1969, fig. 3b ); 3c, axial apertural view (see Pazdrowa, 1969, fig. 3c ); 3d, axial abapertural view. fig. 4 . 'G. bathoniana', paratype dG-11: 4a, spiral side; 4b, umbilical side; 4c-d, axial apertural views (see Pazdrowa, 1969, fig. 7). fig. 5 . 'G. bathoniana', paratype dG-8: 5a, spiral side; 5b, umbilical side (see Pazdrowa, 1969, fig. 3b ); 5c, axial apertural view (see Pazdrowa, 1969, fig. 8 ); 5d, axial abapertural view. Merged stack photographs in Photoshop CS4, Canon EOS 500d digital camera, SMz 1500 nikon stereomicroscope, normal reflected light. The orientation of many of the images follows Pazdrowa's illustrations to make comparisons with the originals easier. (Simmons et al., 1997, pl. 2.8, fig. 12 ). These specimens provide Simmons et al. (1997) with the evidence for the inclusion of 'bathoniana' within the genus Globuligerina (Simmons et al., 1997, p. 27) . This is taxonomically quite difficult and another review of the classification of Jurassic 'protoglobigerinids' is required. Fuchs (1973) recognized that there was a problem with the re-definition of this group by Bignot & Guyader (1971) and he tried, unsuccessfully, to solve the problem with his new genus Polskanella. This genus was roundly repudiated by the community (e.g. Grigelis & Gorbachik, 1980) and, in any case, was completely invalid as it was based on glauconitic internal moulds of planktic foraminifera with no trace of the test wall, external ornamentation or aperture.
The type species of Globuligerina (given by Simmons et al., 1997) is Globigerina oxfordiana Grigelis (1958) and the three views given by that author in the original figures (especially Grigelis, 1958, fig. 1c ) show four gradually expanding chambers in the final whorl with an interiomarginal low arch for an aperture. later, Grigelis (1985) re-figured the holotype, retaining the arch-shaped aperture but adding a bordering lip. Bignot & Guyader (1966) illustrated forms of Globuligerina oxfordiana with more elongate chambers and a more loop-shaped aperture which looks very different to that figured by Grigelis in 1985 . These later interpretations of Globuligerina oxfordiana by Bignot & Guyader (1966 , 1971 ) are a significant problem according to Huddleston (1982) . In a brief review of the taxonomy, Huddleston (1982, p. 637) argues that the majority of workers overlooked the fact that ' … Bignot & Guyader (1971) specifically designated Globuligerina oxfordiana Grigelis, 1958 emend. Bignot & Guyader 1966 , emend. 1971 and not Globigerina oxfordiana Grigelis 1958 ' as the type species of Globuligerina. If this is correct, then it calls into question the current interpretation of G. oxfordiana (and, perhaps, its relationship with G. bathoniana) as well as the status of the genus Globuligerina. In their analysis of Globuligerina, Simmons et al. (1997) appear to have been unaware of the views presented by Huddleston (1982) , which also attempted to deal with the genus Polskanella Fuchs and family Favusellidae. It should be noted that Stam (1986) also attempted a revision of Globuligerina, which was not fully endorsed by Simmons et al. (1997) . Specimens with loop-shaped apertures are particularly seen in Oxfordian strata, but one cannot make this a restriction (even if that was wise) as a few of Pazdrowa's specimens of her Globigerina bathoniana have a loop-shaped aperture (Pl. 1, fig. 4c, d ). It is clear, however, that in planktic foraminifera the position, shape and form of the aperture is one of the defining features of the taxonomy and it would be unusual to demote it to a 'variable' in the Jurassic. One difficulty is, of course, the relatively limited occurrence and distribution of Jurassic taxa and this makes it difficult to establish a definitive phylogeny for the species involved. Our view, for the present, is that we should regard 'bathoniana' as an early form of Conoglobigerina pending a further reassessment of the taxonomy (which is on-going).
The material that Fuchs (1973) used to propose the new genus Polskanella came from the Ogrodzieniec Glauconitic Marl Formation (Wierzbowski et al., 2006) attributed to the Callovian (Matyja & Głowniak, 2003; Barski et al., 2004) and this has been re-sampled by us as part of a wider re-investigation of Polish Jurassic planktonic foraminifera (Fig. 1 ).
PlanKtIc ForamInIFera From the ogrodzIenIec glauconItIc marl FormatIon
The samples used by Fuchs were collected by M. Schmidt during a field excursion to Poland (European Micropalaeontological Colloquium, 1967) . The field guide for that excursion provides a explanation of Plate 2. Metatype of 'Globigerina bathoniana' from the Middle Bathonian (Morrisi Chronozone) of Ogrodzieniec, Poland. This is a specimen from the collections of the Geological faculty of Moscow State University and was loaned to J. Whittaker (natural History Museum, london) when Simmons et al. (1997) were preparing their volume on early planktic foraminifera.
detailed record of the foraminifera recorded in the mid-Upper Jurassic succession of the Ogrodzieniec area (Bielecka & Styk, 1967, fig. 29) . In this range chart the only planktic foraminifera are recorded as Globigerina cf. helveto-jurassica, another of the taxa described in detail by Simmons et al. (1997) as Haeuslerina helvetojurassica (Haeusler, 1881) . This is a low-spired form with an intraumbilical-extraumbilical aperture and clearly depressed sutures. Within the processed residues of the Ogrodzieniec Glauconitic Marl Formation one finds exceptionally high numbers of planktic foraminifera in the form of 'Glaukonitkern' (glauconitic internal moulds) and some of these (see Pl. 3) are low-spired forms comparable to H. helvetojurassica and almost certainly the forms being recorded by Bielecka & Styk (1967) in the field guide range chart. Also present are large numbers of high-spired Conoglobigerina, some of which have very pointed tests. Other forms are lower spired with the very characteristic four chambers in the final whorl of both Conoglobigerina and Globuligerina. With no trace of the original wall, surface ornament and aperture, a generic determination is impossible, although it is noticeable that all of these forms grade imperceptibly into one another when viewed in this mode of preservation. Within these samples are examples of benthic foraminifera (probably Epistomina) and other agglomerations of 'chambers' that Fuchs (1973) used to generate several new genera (all invalid).
It is interesting to note that planktic foraminifera from the Ogrodzieniec Glauconitic Marl Formation show a style of preservation very like that illustrated for Globuligerina calloviensis Kuznetsova, even though Simmons et al. (1997, pp. 27-28) indicate that, despite appearances, the original wall is preserved. Some of the specimens found by us in the Ogrodzieniec Glauconitic Marl Formation are almost certainly G. calloviensis, providing evidence of further complications in the taxonomy at this stratigraphical level. The complete assemblage of planktic foraminifera from the Ogrodzieniec Glauconitic Marl Formation is the subject of on-going research, together with material from the same stratigraphical interval collected from the Holy Cross Mountains near Kielce (Poland).
It has previously been noted (Hudson et al., 2009 ) that there is a widespread (Poland, Germany, UK, etc.) occurrence of planktic foraminifera in the uppermost Callovian to lowermost Oxfordian (e.g. riegraf, 1987 ). This appears to be a genuine level of abundance rather than a sampling artefact. recent investigations of Jurassic climates are suggestive of a cooler interval at the Callovian-Oxfordian transition, the evidence coming from:
• • presence of glendonites, drop stones and other 'cool climate' indicators (Chumakov & Frakes, 1997; Price, 1999 ); • • ammonite migrations (e.g. Fortwengler, 1989) ; and • • climatic information arising from investigations of stomatal densities in leaves (see a summary of stomatal and other data in royer, 2006).
While some interpretations (Hesselbo & Coe, 2000; Pearce et al., 2005) show a highstand in the Early Oxfordian (Mariae Chronozone), the climatic evidence (Chumakov & Frakes, 1997; Tremolada et al., 2006) suggests a cooling around the CallovianOxfordian boundary and, perhaps, the presence of polar ice. This evidence indicates that temperatures began to fall (in Europe) in the latest Callovian (Athleta Chronozone) and lasted into the earliest Oxfordian (dromart et al., 2003; Martin-Garin et al., 2010) . The stable isotope data from belemnite guards indicate a cooling of some 6-7°C in russia, Poland and the UK (Podlaha et al., 1998; Barskov & Kiyashko, 2000; Jenkyns et al., 2002; Wierzbowski & rogov, 2011) . Further evidence of a cooling at this time comes from cool gymnosperm floras in the Upper Callovian and lower Oxfordian of Germany and France (Philippe & Thevenard, 1996) and palynomorphs of cool aspect in the north Sea Basin (Abbink et al., 2001) . Barski et al. (2004) also interpret cooling at the Bathonian/Callovian boundary based on the change in the dinoflagellate assemblage from the Ogrodzieniec quarry. Wierzbowski & Joachimski (2007) record the lowest temperatures in the late Bajocian and Bathonian (c. 9°C), with gradual warming in the Callovian and Oxfordian (Wierzbowski et al., 2009) . The most striking feature appears to be an influx of 'Boreal' ammonites (cardioceratids and kosmoceratids) in southeastern France (e.g. Fortwengler, 1989) and elsewhere in nW Europe (K. Page, pers. comm., 2010). The palaeogeography of the time (see Hudson et al., 2009, figs 6, 8) certainly shows a connection between the UK, France, Germany, Poland and areas in russia, such as the Pechora Basin, from which Compactogerina stellapolaris (Grigelis in Grigelis et al., 1977) was first described. As noted by Simmons et al. (1997, p. 29) , this species has a thickened wall and apertural covering reminiscent of modern cool-water taxa, such as Neogloboquadrina pachydrma (Ehrenberg, 1894). Hart et al. (2007) have recorded C. stellapolaris from the Mariae Chronozone in Oxford Clay Formation of dorset, an occurrence which appears to confirm the north-south ammonite migrations.
If there was a cooling, associated with a lowering of atmospheric pCO 2 then this may have had an impact on oceanic pH. The Jurassic planktic foraminifera, with their aragonitic wall structure (Kolodziej et al., 2011) , may well have been more susceptible to dissolution as a result of a changing pCO 2 and this abundance of planktic taxa in the latest Callovian to earliest Oxfordian is a preservation signal, comparable to that found in the late Pleistocene with the preservation of aragonitic pteropods being enhanced in the glacial episodes and reduced in the interglacials (Messenger et al., 2010; Wall-Palmer et al., 2011) .
JurassIc 'ForamInIFeral ooze'
Modern Foraminiferal Ooze (Murray & renard, 1891) or Carbonate Ooze occupies a particular environmental niche in the oceans of the present day. In terms of water depth it lies between the Pteropod Ooze (Pelseneer, 1888) of tropical shallow waters that are deposited above the Aragonite Compensation depth (ACd) and the deeperwater sediments deposited beneath the carbonate lysocline (Kennett, 1982) which are often characterized by clays, radiolarian tests and other remains of non-carbonate faunas/floras. Such pelagic sediments are less commonly encountered in the oceanic geological record, becoming less common in the Palaeogene than in the neogene (Kennett, 1982) . In the Cenozoic of the Carpathians (Blaicher, 1967; Olszewska, 1983 Olszewska, , 1984 , the 'Globigerina Marls' contain 70% up to 100% planktic foraminiferal assemblages of latest Eocene taxa and clearly represent an analogue of the modern Carbonate Ooze deposited in a unique tectonic setting.
In the Cretaceous, the chalk facies (Hancock, 1976 ) of nW Europe is well known as a pelagic carbonate but it is certainly nothing like modern Carbonate Ooze. In the UK succession of southeast England planktic foraminifera rarely exceed 50% of the explanation of Plate 3. Planktic foraminifera from the Ogrodzieniec Glauconitic Marl Formation, uppermost Callovian. Identifications are tenuous, being based only on the internal glauconitic moulds that characterize the assemblage. figs 1-5. Conoglobigerina oxfordiana (Grigelis, 1958) . fig. 6 . Conoglobigerina calloviensis (Kuznetsova in Kuznetsova & Uspenskaya, 1980) . figs 7, 9. Conoglobigerina sp. cf. C. calloviensis (Kuznetsova in Kuznetsova & Uspenskaya, 1980) . fig. 8 . Conoglobigerina sp. cf. C. oxfordiana Grigelis. fig. 10 . Conoglobigerina sp. cf. C. bathoniana (Pazdrowa) . fig. 11 . Haeuslerina sp. cf. H. helvetojurassica (Haeusler, 1881) . figs 12-15. Conoglobigerina bathoniana (Pazdrowa) . Scale bars are 50 µm, except figs 3, 8 which are 100 µm. This material is currently in the collections of the University of Plymouth pending deposition in the Geological Museum of the Institute of Geological Sciences, Polish Academy of Sciences, Kraków. 500-125 µm assemblage, and then only in the lower to midTuronian (Hart & Bailey, 1979; Hart, 2008) . In the Cenomanian or the Coniacian-Campanian of southeast England the planktic: benthic ratio ranges between 5: 95 and 40: 60 in counts based on the 500-125 µm size fraction (higher planktic values if using the 125-63 µm size fraction as this will include many more juvenile forms). Higher planktic:benthic ratios are recorded in parts of East Anglia and the north Sea Basin (Bailey, pers. comm., 2010) and this is almost certainly the result of increased water depth, although calculating water depth for a given planktic: benthic ratio remains elusive (or impossible). The figures for the Cretaceous are normally below the levels normally recorded in modern Carbonate Ooze. In the deep sea sediments of Cretaceous age there are assemblages (e.g. leckie Petrizzo & Huber, 2006 ) more closely approaching those of the Carbonate Ooze and, in the oceanic basins of the Cretaceous deep sea, sediments are often unfossiliferous red clays (Hu et al., 2005) devoid of planktic foraminifera.
In the Czorsztyn limestone Formation (Birkenmajer, 1977; Hudson et al., 2005) of southern Poland, the limestones of the Pieniny Klippen Belt (Birkenmajer, 1963 (Birkenmajer, , 1977 (Birkenmajer, , 1986 Krobicki & Wierzbowski, 2004; lewandowski et al., 2005;  Fig. 2 ) contain an assemblage of foraminifera that is very close to being 99% planktic (Pl. 4). The sediments, which are dated as Bathonian-Oxfordian by means of ammonites (Wierzbowski et al., 1999) , contain only occasional benthic foraminifera, rare microforaminifera (Mišík & Soták, 1998) and occasional shell fragments (= filaments) of Bositra. The 'paper pecten' Bositra buchi (roemer, 1836) has been described (Tyszka, 1994 (Tyszka, , 1999 , and unpublished data) from black shales in the 'deeper' parts of the Pieniny Klippen Basin as a benthic taxon. Etter (1996) also interprets Bositra buchi from the Aalenian Opalinum Clay as 'truly benthic and probably byssally attached to the substrate'. He assumes a benthic mode of life 'based on the bell-shaped abundance distribution along an oxygenation gradient and nearest-neighbour spatial analysis' (Etter, 1996, p. 325) . In the Oxford Clay Formation of the UK, Bositra buchi is thought to have been a pendant form (duff, 1975) , attached to algae or floating wood, although Jefferies & Minton (1965) and Oschmann (1994) have suggested that it is pseudo-planktic. The association of this taxon with assemblages dominated by planktic foraminifera in the Pieniny Klippen Belt (Wierzbowski et al., 1999) and its presence (Steiner et al., 1998) in the hemi-pelagic sediments of Fuerteventura (Atlantic Ocean) are indicative of a more planktic mode of life, perhaps analogous to the modern pteropods (holoplanktic gastropods). Thin sections from these Polish limestones yield almost no detrital grains although, with the matrix now recrystallized, it is impossible to comment on the initial nature of the sediment. described as a Globuligerina packstone, this Jurassic assemblage is almost monospecific, containing Globuligerina bathoniana (or G. oxfordiana) (Hudson et al., 2005; Sidorczuk, 2005) . Using acetolysis (acetic acid digestion), Wernli & Görög (1999) have isolated comparable faunas from the Bakony Mountains in Hungary and, again, figured taxa with a range of apertural shapes. While the apparently monospecific nature of these Polish foraminiferal packstones makes them rather unusual, this is to be expected at a point in the geological succession where the evolution of the planktic foraminifera was just beginning. Modern Carbonate Ooze relies on the production of tests at the (Bé, 1977) in which the modern taxa are known to live. In the Jurassic the situation must have been quite different as the depth partitioning of the planktic foraminifera is probably a feature of the post mid-Cretaceous (Hart & Bailey, 1979; Hart, 1980 Hart, , 1999 Caron & Homewood, 1983) . In the limestones of Middle and late Jurassic age in southern Poland (Wierzbowski et al., 1999; Hudson et al., 2005; Sidorczuk, 2005; see Fig. 2 ), in other parts of the Carpathian Mountains and in many of the pelagic limestones of Bajocian/Bathonian age in central Europe (see Hudson et al., 2009, figs 3, 5) there are many records of foraminifera-rich packstones where the assemblage is >95% that of planktic taxa. In thin section these frequently show the characteristic four-chambered appearance of Conoglobigerina or Globuligerina and, in thin section, the various genera and species are impossible to differentiate with confidence. Using acetolysis Wernli & Görög (1999) have successfully isolated the planktic foraminifera and identified the taxa at the species level. In southern Poland we have studied the assemblages only in thin section (Pl. 4) as attempts at acetolysis proved somewhat unsuccessful. Often described as being of 'ammonitico rosso' type, these sediments are restricted to the submarine swells while the intervening, more basinal areas are characterized by radiolarites (e.g. Czajakowa radiolarite Formation of the niedzica Branisko and Pieniny successions; see Birkenmajer (1977 Birkenmajer ( , 1986 , Hudson et al. (2005) and Tyszka (1999) . In many parts of the Carpathian Mountains in southern Poland exposures are limited and the geological structures quite complex. It is almost impossible to construct a single lithological log against which to plot the micropalaeontological data. Each nappe has its own characteristic succession and comparison between nappes is often difficult. All the localities mentioned here are discussed more fully by Wierzbowski et al. (1999 Wierzbowski et al. ( , 2006 . Similar sediments, with comparable numbers of planktic foraminifera, have been described from the Bajocian limestones of the Bakony Mountains (Hungary) (Wernli & Görög, 1999 where they contain a slightly more diverse assemblage (~4 taxa). These assemblages also have a reduced (~1%) benthic assemblage. In these successions, however, many of the planktic taxa have a thin wall, while some appear to have a wall that is twice the thickness. This feature has been interpreted by Görög & Wernli (2003) as secondary thickening, much as is seen today in Truncorotalia truncatulinoides (d'Orbigny, 1839 ). An alternative view would be that these forms with different wall thicknesses represent dimorphism within the early planktic foraminifera, although this is thought to be unlikely. While this thickening has been recorded in Hungary (Görög & Wernli, 2003) and Greece (Baumgartner, 1985) , we have not seen this in samples from Poland, Spain and northern Italy.
The depositional environment of these limestones is quite poorly understood as their present location is within a complex tectonic unit in the Carpathian Orogenic Belt (Wierzbowski et al., 1999; Sidorczuk, 2005; Sidorczuk & nejbert, 2008) . The Czorstyn ridge (Tyszka, 1994; Golonka & Krobicki, 2001; Krobicki & Wierzbowski, 2004) formed in the Pieniny Klippen Basin during the early Bajocian (Wierzbowski et al., 1999) . It was a long-lived submarine pelagic swell onto which these Conoglobigerina/Globuligerina-rich sediments were deposited. The source of Pazdrowa's material is the clay succession of the Morrisi Chronozone from the Ogrodzieniec/ Częstochowa area, which lies to the northwest of Krakow and in a Middle Jurassic mid-shelf succession (Fig. 2) . These clays contain abundant benthic foraminifera, ostracods and holothurian sclerites and represent a completely different depositional environment (Gedl et al., 2003; Smoleń, in press ).
the aragonIte II ocean These Middle Jurassic Globuligerina (or Conoglobigerina) packstones appear to occupy the position in which one would expect to find the ancient analogue of the modern Carbonate Ooze, especially if accentuated by winnowing on submarine 'highs'. Their preservation, however, is also function of water depth and the position of the Aragonite Compensation depth (ACd) and Carbonate Compensation depth (CCd) -and their associated lysoclines (Aly, Cly) -in the water column. The positions of the ACd and CCd in the water column are a function of the near-surface productivity of the organisms providing the carbonate and the water chemistry causing dissolution at depth. In the modern ocean there is a diverse assemblage of calcareous nannofossils, calcareous dinoflagellates, planktic foraminifera and pteropods in the upper levels of the water column, all of which act to depress the ACd and CCd.
In the mid-Jurassic the situation was very different and the positions of the ACd and CCd were, almost certainly, completely different. The pteropods had not evolved and the planktic foraminifera probably evolved in the Toarcian (Hart et al., 2003; Hudson et al., 2009) , and remained a low diversity assemblage until the earliest Cretaceous (Hart et al., 2002) . These early planktic foraminifera were aragonitic in composition (Simmons et al., 1997) and this is in keeping with an origin within the Aragonite ll Ocean of Stanley & Hardie (1998 ), Stanley (2006 ) and de Vargas et al. (2007 . The earliest planktic foraminiferid, Conoglobigerina, probably evolved from the Oberhauserella-Praegubkinella lineage (Wernli, 1988 (Wernli, , 1995 which is also typified by aragonitic tests. Other groups of foraminifera appearing in the Aragonite ll Ocean include the Involutinina and robertinina (see Martin, 1995) , although Martin (1995, fig. 2 ) incorrectly indicates that the earliest Globigerinina appeared in the latest Triassic with calcareous tests. Over the last four years we have, systematically, studied the collections of Oberhauser (1960) and Fuchs (1967 Fuchs ( , 1970 Fuchs ( , 1973 in the Geologische Bundesanstalt in Vienna and have concluded that these Triassic and Early Jurassic forms are benthic in character and that the origin of the planktic foraminifera was almost certainly in the Early Jurassic (and not the Triassic as suggested by Fuchs (1967) ).
The other newly evolved calcareous taxa (coccoliths, calcareous dinoflagellates and scleractinian corals) appeared in the highly oversaturated seas of the Triassic (ridgwell, 2005; ridgwell & zeebe, 2005) . The Triassic coccoliths (heterococcoliths) had simple murolith morphologies (Bown et al., 2004; Bown, 2005) , were very small (2-3 µm) and were at the lower limit of preservation potential (young et al., 2005) . The earliest holococcoliths (Erba, 2006; de Vargas et al., 2007, fig. 4 ) were mid-Toarcian in age, which is approximately the same time as the planktic foraminifera may have evolved from benthic ancestors. These early nannoplankton, however, appear to have been more associated with shelf and epeiric environments throughout most of the Jurassic, only becoming part of the open ocean plankton in the late Jurassic Katz et al., 2004 Katz et al., , 2007 de Vargas et al., 2007, p. 277) .
Evolving from benthic ancestors in the mid-Toarcian, the planktic foraminifera dispersed rapidly within the Jurassic Tethys/PeriTethys seaway (Hudson et al., 2009) . In many areas of this seaway the low-diversity planktic foraminiferal assemblage was almost the only provider of CaCO 3 (in the form of aragonite) to the sea floor. If this is true, then how can the models of the ACd and CCd (and associated Aly and Cly) show no change in depth between the lowermost-Upper Jurassic (see, for example, Bosellini & Winterer, 1975) ? If the principal (or even only) carbonate producer appears in the Toarcian, and requires some time to disperse throughout Tethys/Peri-Tethys, then one might expect to see a shallow ACd/ CCd in the earliest Jurassic migrate downwards in the water column during the mid-Upper Jurassic (Garrison & Fischer, 1969) . As the planktic foraminifera had aragonitic tests during this interval and, prior to the migration of the holococcoliths into the open ocean, there was little if any calcitic plankton, then the ACd and the CCd may almost have been co-located in the water column. This conclusion would have significant implications for the interpretation of marine, deeper-water carbonates during the Jurassic. All we can say, at present, is that these foraminiferal packstones with a >99: 1 planktic: benthic ratio clearly indicate sedimentation above the Aly (and ACd) at a depth which is presently unspecified. The models of Bosellini & Winterer (1975, fig. 2 ) suggest that this may have been shallower than 1000 m in the Bajocian to Oxfordian interval and our palaeontological information is suggestive of only a few hundred metres at most.
summary
The simple separation of Globuligerina from Conoglobigerina on the basis of a loop-shaped aperture (Simmons et al., 1997 ) is almost unworkable. Conoglobigerina bathoniana (Pazdrowa) is a key species in this debate as it shows that, even as early as the Middle Bathonian, the ratio of arch to loop-shaped aperture varies within one assemblage and that a consistent (and 'comfortable') separation is impossible. The successions in southern Poland are quite critical in this regard as they are:
• • rich in planktic foraminifera;
• • have a well-constrained ammonite stratigraphy for reliable age determinations; and • • contain assemblages with both internal and external features preserved.
As more information comes to light about the mid-late Jurassic plankton we are learning more about the nature of the Jurassic oceans and the evolution of this plankton in the Aragonite ll ocean. The unresolved issue for those working on Mesozoic planktic foraminifera remains, however, their evolution in the latest Jurassic and post-Jurassic calcitic ocean where all taxa appear to have calcitic tests. 
